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KSTTHCX) OF PRODUCiuS POI«YSACXMaRtDE- FOAMS 
DESCRIPTION 

The present Invention relates to & nenhod of producing 
polysaccharide foams; in paartiicular alginate, chltesan^ 
starch and hyaluronate fooma • The invention also 
anbrac€>s polysacc^ioride foamed jaaterlals produced in 
accordance with the method of the invention txnd wound 
dressings , foamed cell culture replicating media r 
barrier media for preventing tissue adherence and other 
absorbent materiala cmnfjr i s ing such foams. 

Alginates, particularly calcitsn alginates and converted 
calcium alginates, hecve . long been known for their 
ability to form fibres and yams %4tich can be knitted 
into fabrics or formed Inte nonwoven materials 
pri mar ily for use as swabs or dressings for medical, 
surgical or other pui.*poses* 
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Fox Instance, Brl1:±6h Patent Specification Ko. 1283399 
desczrlbes and claims a method of preparing a solublized 
calcium-eontainiiig alginate material which conprises 
acidifying calciijm alginate with a calcxilated quantity 
of acid sufficient to remove a desired anounti of 
calcium, reacting the acidified calcium alginate with 
an excess of base selected from anroonia, amines and 
substituted amines and washing the solubilized 
calcium-containing alginate to xenove the excess of 
base. 

This material may be formed into a number of pieces of 
gauze which can then be further treated as described in 
the specification. 

British Patent Specification No. 1394742 relates to a 
surgical dressing material comprising a layer of 
knitted gauze adhered to a layer of fibrous backing 
material, the gamse coiprising alginate material and 
the dressing material being of lower flexibility and 
stretchability than the gauze itself. 
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Britloh Patent specif ic=atiari No. 1570485 relate to an 

absorbent material for aqueous fliilds which coo^prises 

an open ce3JL foam cson-taining within -che cells a 

hydrophilic gel having specific properties* Typical of 
* 

the hydrophilic gels is alginates. The specification 
describes the incorporation of these iwaf g»r1 q 1 « in a 
reticulated foam; the gel being contained within the 
cells of . the foam thus prcnriding an absorbent 
material • 

United States Patent Specification Ho. 4,421,583 
relates to a n«i-woven alginate fabric useful as a 
woimd dressing made by spreading a tow of calcium 
alginate filaments into a flow of water, over- feeding 
the spread filaments onto a water pervious support so 
that the filaments cross over each other, and drying 
the fila men ts so that they become bonded to each other 
at their points of contact where they cross over. The 
filaments used have preferably been pre-stretched in an 
atmosphere of steam and wash water and not dried and 
are preferably subsequently dried by suction on the 
water pervious si^jport. 
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United Statids Patent Specification Ko. 4,793,337 
discloses an in^roved adtiesive structure for adhesion 
of an article to a fj.ilid emitting wound, the structure 
having an. absorbent region coii5>rising an absorbent 
fibrous fabric or foam jnaterial IntermBdiate first and 
second contact regions, whereby enhanced cohesion 
between the first and second regions and between the 
second region and the article under conditions of heavy 
fluid emission is provided. This specification 
discloses the use of sodium alginate in coiribination 
with a calcium powder by **ay of absorbent material . 

United states Patent Specification No. 4,948.575 
discloses a dixnensionally stable alginate J^ogel foam 
wound dressing that absorbs wound exudate without any 
appreciable swelling. The wound dressing includes 
alkaline metal earth (except magnesium) .salts and Group 
XII nietal- salts of alginic acid. rChe hydrogel foam may 
be formed by mincing together a first liquid cca^onent 
con^arising (a) an aqueous suspension of particles of a 
water insoluble di- or trivalerxt netal salt and (b) an 
effervescent coajpound ^ch effervesces upon reaction 
with an acid; and a second liquid coc^^nent comprising 
an aqueous solution of biocompatible, water-soluble 
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acid vAierejjn at: leeut: one of the cciu ^ iente f uztiier 
comprises a water-soluble alginate dissolved therein. 
Upon mixing, the water-insoltable saetal salt xeacts 
with the^ water soluble acid to form a water soluble 
metal salt that is subsequently ionized. The polyvalent 
cations released from -the water-soluble netal salt 
complex with the carboxylate grou^ of the 
water-soluble alginate caualMg the formation and 
precipitation of a water insoluble alginate hydrogel. 
At the same time the effervescent compound is reacting 
with the water soluble add, the resultant evolution 
of gases effects the formation of a stable hydrogel 
foam. 

Coranercially available alginate products are marlceted 
inter alia as haemostatic wound dressings using 
non-woven fibre technology. However non-woven alginate 
msterials, while performing their function 
satisfactorily, are difficult to handle. Several 
attenpts have been made to iaprove handling, for 
exai^jle Swedish Patent AH>lication published under 
No. 424956 describes an alginate hydrogel wound 
dressing formed on " a wonnd in combination with an 
elastic rubber-like canposition. In another atten?,t at 
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providing a more readily usable JDat:erlal, It. has been 
p r oposed to us@ a £r66Z6-*dued £oas& as dlsclossd In 
united states Patent Specl£lcatlc»i No. 4/642,903. The 
disadvantage of all these prior art foam methods Is 
that there is little or no control over the f oan size 
and that the resultant products are relatively 
difficult to handle. 

According to one aspect of the present invention, 
therefore, there is provided a method of forming a 
polysaccharide . foam v^ch coossrises preparing an 
aqueous solution including a soluble polysaccharide and 
thereafter mechanically foaming the solution. 

The fcam may be produced by beating or otherwise 
mechanically agitating the material to cause the 
polysaccharide to foam. The mechanical foaming may 
involve the introduction of gas into the solution, and 
shearing of the solution to create a nixing effect which 
may result in a very fine dispersiesn of gas bubbles in 
the solution. In the early stages of mechanical 
foaming, when the total amount of gas entrained in the 
solution is small, the gas bubbles may be substantially 
spherical in shape. As the total volume of gas 
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^rralned In the solu^on increases, -the gas bubbles 
may undergo a transltilon from t±Le spherical shape to a 
sxibstantially polyhedral shape, vnth the solution 
distrilxited in thin nenbranes betweai adjacent gas 
bubbles and in ribs or spokes %diere several gas bubbles 
come into very close projcimity to each other; the 
result is a foamed .polymer having gas <lispersed 
throTighout the solution in a cellular structure, it 
will be appreciated by a person sJcilled in the art 
that, in seme esnbodiments of the present invention, the 
relative violence and/or period of agitation of 
mechanical action may be used to provide control over 
the foam pore size. The foam pore sixe nay be 
controlled in the range 5 - 500 ut l^ically 50 - 
500 ^. 



said soluble polyeaccharixie may be alginic acid or 
hyaluronic acid. In some eoibodlments , said soluble 
polysaccharide may be a soluble polysaccharide salt 
such, for example, as an alginate or hyaluronate; 
typically, sodium alginate or sodium hyaluronate may be 
used. Alternatively, the soluble polysaccharide may be 
carrageenans^ chitosan, starch, or separately, 
anylose or aaylopectin. A person skilled in the art 
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will appreciate that, dhxtoaan Is soluble in acid, but: 
is insoluble in neutral and basic solutions; on the 
other hand, starch is soluble in basic solutions. 
Thus, vhere chitosan is used in accordance with the 
present invention, the mschanteal foaming step should 
be conducted in an acidic aqueous solution; where 
starch is used, foaming should be ccanducted in aqueous 
base. 

m one aspect of the invention, a foaming agent may be 
included in the aqueous solution to assist in foaming 
the solution. The foamiajg agent may be a surfactant, 
typically an ionic or non-ionic surfactant- aSie ionic 
surfactant may be selected frcm sodium stearate, 
sodium dodecyl sulfate, alpha olefin sulfonates 
tcommei-eially available under the trade name -Siponate 
301-10-), sulfoalkyl amide, monocarboxyl coco 
imidazoline compounds, dicaadxayl coco imidarolii^e 
conpounds and sulfated fatty polyoxyethylene quatenary 
nitrogen cca apo undSa 

Said non-ionic siirfactant may be selected from • 
octylphanol ethoxylate (connercially available from 
Rohm & Haas under the trade name TRITON X-100), 
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ncKLLfled llneasr aliphatic polyetikers and darbltan 
esters . 

In anorJiar- aspect of the invention, a plastlcizer may 
be included in the aqueous solution. Said plaatieizer 
may ise selected from glycerol, glucose, polyhydric 
alcohols, triethanolamlne and stearates. 

in some erobodiiuBnts , an oligonecic or polymeric foean 
modifier nay be included in the aqueous solution; said 

foam modifier may be selected from polyethylene glycol, 
Wr gum, albumin, gelatin, carboiQ««ta^i cellulose, 
i^y^i-oxyethyl cellulose, hydroxypropyl cellulose, 
polyacxylamide, polyacxylic acid, polyvinyl alcohol, 
polyvinyl pyrxblidone, polyoxazoline 

polyethyeneimine. These foam modifiers may be used to 
i-prove the flexibility and tou^., of the 
Polysacchaxide foam. 

in a particular aspect of the invention the fo«n 
nKxlif ier may be polyetlqrlene glycol functionalised with 
Vinyl groups such, for exainpie, as acrylates. After 
foaming, the functic«alised polyethylene glycol may be 
polymerised bs. ixradiation (e.g: u.v. or electron) tx, 
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£orm a polyinar network within the f cseua; said network 
may improve the flexibility and toughness of the 
foam. 

In a diffeztent aspect of the invention, the aqueous 
solution of polysaccharide may include a foam 
stabiliser. Said foam stabliser joay be selected from 
ammonium stearate, dodecyl alcohol, tetradecanol , 
hexadecanol, tridecyloxypolyethanol and 

polyoxyethylated oleylamine. 

in some aabodiments, the resultant polysaccharide foam, 
including foam stabiliser, may be air dried after 
formation. On drying, the foam material in an 
interior region of the foam may -collapse- giving the 
appearance of crush«t foam; the cells 

c^onstituting the foam may distort such that in one 
dimension each cell may become smaller than in another 
diinension substantially noraal to the one diroensiOT; 
this change in shape can be described as a s^ere 
distorting to an ellipsoid. T«»en the cells distort in 
this «ay, the foam is referred to herein as a . 
-collapsed- foam. The foam material juxtaposed the 
surface of the foam nay maintain its integrity 
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preserving its mean pore size and pore size 
dierribu^on. 

Where the polysaccharide is chitosan which is foamed in 
an acidic aqueous solution it nay be desirable, in 
some embodUnenta, to remove the acid after foaming 
While the foam is still ^ since, on drying, any 
acid present may have an injurious effect on the 
chitosan foam. Said acid may be removed after foaming 
by volatilisation or neutralisation. Typically, the 

acid may be «<3»««» acetic acid ^ch may be ren«ved 
by volatilisation^ 

in another aspect of the invention, the foam may be 
3tabili.ed by cross-linking or coagulation thereby to 
provide a di«ensionally stable foam. O^cally, the 
foam may be cross-linked or coagulated while' wet- 
where a foam stabilizer is used the foam ^ 
cross-linked or coagulated after initial drying, the 
foam nay then be re-drled. 

When the poiysacdarlde.i, selected frcB ilgi^c acid, • 
alginate, hyaluronic acid, hyaluonate, and othe^ 
-°l"ble polysaccharide ^terlals containing 
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exchangeable coun-ter-catJLons, lihe cross- linking nay be 
effected by reactilng the foamed polysaccharide with dl- 
or txi- valent cations. Said polysaccharide foam may. 
In some psDobodlinents / be ixonerised in or sprayed with a 
solution of the di- or tri- valent cations. 
Typically, the cations may be selected f roox 
Ca2+(aq), Fe2+(aq) and Pe3+{aq) . 

Alternatively, in some enixxiimoats, an insoluble 
carbonate or hydrogen carbonate salt having one or aore 
di- or tri- valent cations nay be hamogeneously 
dispersed in the foamed polysaccharide, and the foam 
may be subsequently treated with a stzong acid to 
liberate carbon dioxide as gas and said cations which 
then cross-link with the polysaccharide to form a 
diinensionally stable foam structure, tihe strong acid 
nay have a concentration of i^ to IN, typically 0.1 - 
0.2N. Typically, calcium carbonate may tte used as an 
insoluble carbonate salt. -Btis latter method of 
cross-linking has the advantage that a relatively thick 
fcpam may be , stabilized uniformly through its thickness; 
typically a foam thickness of up to about 5 ran may be 
homogeneously stabilized using this method to provide a 
stable foam structure. 
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In a different aspect of the invention, the 
caross-llnked alginate or hyaluronate foam may be 
"converted" ty treatment with an aqueous solution of a 
reagent having eolubiULslng mcmo-valent cations so that 
a propozTtion of the cross-llxJcing di- or tcx-valent: 
cations In the foam may be replaced by the scno-valent. 
cations, thereby imparting a degxee of solubility in 
the foam; vhen contacted with water, the converted foam 
may form a gel. In some enabodiments, the degree of 
eonversion may be controlled; typically a email 
proportion of the cross linking cations may be replaced 
to provide a lightly gelling foam (when contacted with 
watier). Alternatively, in aane embodiments, 
substantially all the croas^linking cations may be 
replaced to provide a substantially viater soluble foam. 
The reagent may be selected from sodium acetate and 
dilute lordrochloric acid. Tra,ically, the treatment 
may be performed at a pH in the range 4-7. 

Where the soluble polysaccharide is chitosan, the foaro 
may be coagulated ty treatment with base. ^PjTDically, 
said base may be sodium hydroxide solution. 
Alternatively, the chitosan foam may be cxoss-linksd 
by ionic or covalent bonding, ionic cross-linking may 
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be obtained treatanmt with an aqueous solution of 
polyvalent anions; typically one or more of sodium 
sulfate, octyl sulfate, lauryl sulfate, 

hexadecy\sulfate, tripolyphosphate, pyrophospate and 
octapoiyphosphate may be used as a source of 
polyvalent anions. In either embodiments, covalent 
cross-linking may be obtained by treating the chitosan 
foam with one or more dialdehydes e.g. glyoxal, 
glutaraldehye and dialdehyde starch- 
Where the polysaccharide is starch, the starch foam may 
be coagulated hy treatment with aijueous ammonium 
sulfate. Alternatively starch foam may be cross-liiJced 
by treatment with formaldehyde; this treatment may be 
performed in the gaseous or liquid state, if the 
treatment is performed in the liquid state a solution 
in alcohol may typically be employed. 

The cross-linked or coagulated polysaccharide foam may 
be dried in air. After drying, the dry, cross-li^ 
or coagulated foam may be washed with vater and then 
redried. Washing may be used -to ren«ve e.g. any ■ 
foaming agent or foam stabiUser residual in the foam. 
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Saixi aqu e ous solution of polysaccharide may furtlier 

cosiprise one or more dLngredlents selected tzxxa 

particulate fillers, barium sulfate, pulp-like fiJbres 

of cellulose or other fibrous material and moisture 
ft 

retAiAlsig or reinforcing filler Jnat«rlals. Where 
barium sulfate Is txsed, it will be appreciated that 
the resultant foam may be substantially opaque to 
X-rays; the foam may therefore be xiseful as a TneyjUcal 
inplant in radiography. 

In scxne enbodijnents , the foam may be bleached. Bleach 
may be included in the aqueous solution of 
polysaccharide? typically, the. bleach may be selected 
from hydrogen peroxide and sodium hypodhlorite . 

The present invention also includes a polysaccharade 
foam produced in accordance %»ith the method of the 
invention; the foam can be controlled at various 
thicknesses, pore sises and pore siee distributions. 
The foam may be cross-linked or coagulated; the foam 
inay be a soluble foam, an insoluble foam or a 
"converts- .foam having a desired degree of solubility 
in at least part of the foam. Tnoically the foam may 
be an alginate, hyaluronate, chitosan or starch foam. 
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lix another aspect of tJae inventicm, the foam, vshen wet, 
may be cast as a layer or as a shaped article. Said 
foam may be cast inter alia in the form of buttons/ 
beads, , balls, cylinders or hemispherea . m 
scsne embodiments, the foam may be cast in the shape of 
a paart of a human or animal body e.g, in the shape of 
an ear or nose. 

m a particular aspect of the invention, the foam may 
be cast as a layer on a substrate. Said substrate may 
be a woven or non-woven fibrous article, a film ©r a 
foam. in some embodiments, the substrate may comprise 
an assemblage of polysaccharide fibres or yams. m a 
particular aspect of the invention the substrate may 
comprise another layer of polysaccharide foam in 
accordance with the invention. Said other layer foam 
»ay have, a different mean pore size and/or pore size 
distribution from the first mentioned foam. 

The foam may be cast as a thin foam layer having a 
thickness up to about 1 Alternatively, the foam in 

accordance with the presant invention nay be cast as a •• 
thick foam layer having a thickness of up to about 
50mm. said thick foam layer may have an interior 
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layer of collapsed" foam; Uie fo&m juxteposed the 
suzrf ace of -the foam may be no^ signlf icantJiy collapsed, 
being similar in appearance and having a pore size and 
pore sise distxibut i on about: egxial t :- the foam when 
freshly formed* 

The present invention also Includes a vtoxxnid dressing 
comprising a polysacc h a r i de foam produced by the method 
in accordance with the present invention. Ol^ically the 
wound dressing may consxcise a layer of said 
polysaccharide foam. In seme «abodim«nts the foam may 
be disposed on a substrate, the siabstxate may be a 
polysaccharide fabric or composed of polysaccharide 
yam. 



The present invention also includes a cell cultxire 
replicating medium cow5>rising a polysaccharide foam 
produced in accordance with the present invention; the 
cells to be replicated can be disposed in the pores in 
the foam to locate the cells. 

In soma embodiments, the cell .culture replicating 
medium may constitute an inplant, typically a 
bio-absorbable implant. 
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Coltixired celle, e.g. meuwnalizing cells, laay be 
disposed in the pores of the ianplanr which may then be 
implanted surgically in a human or animal body. The 
ifflplant containing cultured cells may encourage tissue 
growth in and around the implant in vivo . 

The present invention also includes a barrier medium 
for preventing tissue adherence, said barrier medixim 
cOTprising a polysaccharide f o2im in accordance with the 
invention. 

In another aspect of the present invention , the 
polysaccharide foam may constitute a carrier for a 
beneficial agent formulation- Said beneficial agent 
formulation may be acccronodated within the cells of the 
foam- Typically the formulation may comprise a 
beneficial agent: and a pharmaceutically acc^table 
excipient therefor. In some embodiments, the 
beneficial agent may be a drug ^idiich can be 

administered to a patient transdemally. Typically, 

the beneficial agent f omrulation may be included in the 

aqueous solution of -poXyeeiodharLdB prior to foaming. 

Alternatively, however, the beneficial agent 

formulation may be incorporated in the foam after 
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fornv>t:ion; In some embodxznente t:he foam may be 
iznmersed or sprayed with the formulation (v^ilch loay 
itiself be In 66lut;i.ori} ; In otJier esibodiznents the 
formulation may be dispersed in a dolid partioilate 
form in -the cellular structure of the foam, or produced 
fay living cells (e-g. microbes) in the foam structure* 

In yet another aspect of the present invention, a foam 
in accordance with the present invention, when wet, may 
be stored under pressure; typically the %«t foam may 
be stored in a pressurised dispenser such, for exan5>le, 
as a conventional pressurised spray can . In sosbs 
eaaibodimBnts, the wet foam may be incorporated with a 
prxapellMt to assist in subsequent delivery of the foam 
from the dispenser; said pccqpeliant may be any 
suitable propellant known to a person skilled in the 
art e.g. a gaseous lower allcane (propane, butane, 
pentane and the like), nitrogen and carbon dioxide. It 
will be appreciated that storage under presstire 
constitues a convenient method of storing a vet foam 
prior to use; yahsn required, the foam may siaply be 
dispensed directly to the environment of use. 
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For example, a wet: foamed -voimd dressing in accordance 
wltih the Inverx'txon may be s'tored under pressure in a 
dispenser and dispensed directly canto a patient's skin 
to treat e.g. abraded skin, bums and open wounds. 
A wet foam carrying a beneficial agent in accordance 
with the present invention may be stored and dispensed 
in the same way to provide rapid therapeutic treatment 
of a viound or oth*r injury ythsn required. it will be 
appreciated by a person skilled in the art that a 
foamed wound dressing or beneficial agent formulation 
carrier Which is stored in a pressurised dispenser may 
be particularly suitable for the purposes of applying 
first aid to a patient in an eanergency. 

FollowUig is a description by way of exai,5>le only and 
with reference to the acconpanying drawings of methods 
of carrying the invention into effect. 

In. the drawings; 

Figure 1 is a scanning electron microscope ("SEM-) 
photograph showing a surface of a single layer foam ' 
produced in accordance with the present invention; 



wo 94/00512 ' 



PCr/US93/05993 



- 21 - 

Figure 2 Is an SEM photograph o£ anot:her surface of the 
single layer foeun of Figure 1; 

Figure 3 is an SEM photograph of a caK>ss section 
through the thickness of the single layer foam of 
Figures i and 2; 

Figure 4 is an SEtt photograph of a surface of a two 
layer foam produced Ln accordance with the present 
invention; 

Figure 5 is an SEH photograjih of another surface of the 
two layer foam of Figxare 4; 

Figure 6 is an SEM photogorajdx of a cross section 
through the thicJcness of the two layer foam of Figures 
4 and 5. 



EXAMPLE 1 

A solution ccmtaining 3 wt % of scxliom algiiiate having 
a Viscosity of 1500. o«itipoise was pr^ared and to 100 
grams of this solution was added O.l grams of sodium 
dodecyl sulfate as a foaming agent. The resultant 
solution was beaten with a Kitchenaid mixer to f oim a 
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foam* The fcaam was spread on a metal tray and 
dross- lin3ced with an aqueous solution containing 5% by 
weight calcium chloride. *he foam was then dried and 
after drying was found to be 0.05 ram thick and weighing 
7 grains per square meter . A scanning electron 
microscope photograph of the cross-linked foam revealed 
an open pore structure which was found to have an air 
pexmeability of 110 m/min measured at 12.7 mm 

pressure. 

A portion of the foam produced in the manner described 
above was converted by placing it in an zujueous 
solution of hydarogen chloride with a pH of 5 for 30 
minutes. TtiB conversion did not affect the gauge 
weight or pore size, but did change the solubility 
characteristics. Contact of the non-'converted foam 
with a 1% sodium citrate solution did not affect the 
structttre/ whereas the contact of the converted foam 
with the same 1% sodium citrate solution resulted in a 
gelation of the foam* This latter action suggested the 
solubility characteristics were jnodified by the 
conversion process. 
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EXAMPLE 2 

A 3"x 3" gauze pad ccRiprlslng a 12-ply 20 x 12 mesh 
fabric was used as a substrate for a layer of alginate 
foeon eys described In Exait^le 1. iSie foam was spx^d on 
the fabric and cross-linked with a 5% aqueous solution 
of calcium chloriiie. The matierlal was iihen dried and 
It was found that the cross-linked foam had adhered to 
the gauze pad to form a coating. A photomicrograph of 
the resultant structure reveals a thin, 0.05 nro thick 
foam coating on the gauze pad *^ch had a similar 
structure as the foam without the substrate described 
In Sxanple 1. 

When the coated pad was placed in an aqueous solution 
of hydrogen chloride at a pH of 5 for 30 minutes, the 
calcium structure was converted to a soluble form. 
Contact of the converted material with sodium citrate 
once again resialted in gelation of the alginate 
coating. 

IgAMPIiE 3 

An aqueous soluticai containing 2 wt % sodium alginate 
was prepared. To this solution was added 0.2 wt % 
ammonium etearate as a foam stabiliser and 2 wt % 
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calcium carbonate. The mixture vias tHen well mixed In 
a klrchenaid lalxeor t.o produce a foam having the calcium 
carbonate dispersed therethrough. The foam vrais drawn 
in a plastic tray, and 200ml of 0. IN hydrochloric acid 
was then added in the tray. As a result of the 
addition of strong acid/ the foam cross->lin)ced. After 
drying, the foam was found to have a final thickness of 

2.1mm, a density of 0.22g/cm^ and an aix permeability 
of 6m/min at a pressure, of 12.7 mm H2O. 

The foam was f oiand to be coagulated uniformly through 
its thickness. 



EXAMPLE 4 

A 3% wt aqueous solution of sodium alginate was 
prepared. To the solution was added 0.85 grams of 
sodium dodecyl sulphate per 100 grams of alginate 
solution as a foaming agent, in addition, 2.3 grams of 
axmonium stearate per 100 grams of alginate solution 
was added as a foam stabilizer. The resultant solution 
was beaten with a Kitchenaid mixer to form a foam. The 
foam was spread on a polyester sheet and allowed to air 
dry. The surface of the dried foam maintained a 
similar appearance to the wet foam and did not 
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collapse; Uie foam malierlal ±xi Intierlor o£ t:he foam 

was fotxnd to have "collapsed" and had the appearance of 

crushed foam, dried foam was Inmersed In a 5% wc 

calcium cdvlorlde solutJ.on and then allowed tx> dry. 
* 

Once again the dried foam maintained the appearance of 
the original drawn material* Inspection xinder an 
optical microscope revealed the foam was an open-cell 
structure with fairly uniform pore alzes. The foam had 
a final thickness of 2.8 mm, a density of 0.05 g/cm, 
and a permeability of 90 m/m±n at 12.7 mn H2O. 

EXAMPLE 5 

To a solution of similar eon^xjsition to E5can5>le 1 was 
added 1 gram of anhydrous glycerol per gram of alginate 
material. !rhe solution was foamed mechanically, drawn 
into a desired thickness and allowed to air dry. The 
dried foam was cross-linked using a 5% wt calcium 
chloride solution and air dried. The resultant foam 
had a final thickness of 0.25 mm/ a density of 0.14 

g/cm and an air permeability of 100 m/roin at 12.7 mn 
HjO pressure. After 3 months under ambient conditions, 

the foam had a similar handling ability as a newly 
formed foam. 
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BCAMPLS 6 

A Single layer algUiat^o foam was produced by a method 
similar to the method described in Bxainple 4 above • 
Figures 1 to 3 are Scanning Electron Microscope 
photographs of the resultant dried foam (10). It will 
be noted that an interior region <12) of the foam is 
"collapsed" giving the appearance of •* crushed** foam, 
while the surfaces (14, 16) of the foam substantially 
maintain their pore size and pore size distributions* 

Another alginate foam layer was made by a method 
similar to the method of Bxample 4 above; this foam 
layer was foaned mechanically in accordance with the 
invention to have a relatively large mean pore size and 
dried. A second foam layer controlled to have a 
relatively Bm2iller mean pore size v^s then cast on one 
sizrface of the first mentioned layer and dried. Figures 
4 to 6 are Scanning Electron Microscope photographs of 
the resultant two^layer foam (20). It will be noted 
that an interior (22) of the foam is -collapsed", \»diile 
the surfaces (24, 2S) substantially maintain their 
controlled pore sizes and pore size distributions. 
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Example 8 



An aqueous soluti^m containing 5 wt% sodium hyaluronate 
was prepared. To this solxition was added 2.7 grams of 
sodium dodecyl sulphate and 5.3 grams of amnonium 
stearate per 100 grams of solution. The mixture was 
well beaten with a KitchanAid mixer to form a foam. 
The foam was spread onto a polyester sheet and air 
dried, inspection under an optical mictxascppe revealed 
the foam «as an open-cell structure with fairly uniform 
pore size. 
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Example 9 

A soluirxon was prepared witih iO grama of 37.5 w/w HCl 
and 490 grame vater. Pif-teen grains of cdiitosan were 
added emd dissolved In the acid. To the solution were 
added 1.5 granis of soditaa dodeeyl sulfate and 15 grains 
o£ axmionium stearate. The mixture was beaten in a 
KitchenAid mixer to form a foam ^^ch vias subsequently 
drawn to 25 mils thiedcness and aiar dried. Inspection 
under an optical microscope revealed the foam was 
open-celled and fairly uniform in pore size. 
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CLSIMS 



1. A Qtetihod of forming a polysaccharide foam, v>hi.ch 
method cooapriseB preparing an agueoas soXut:lon 
ijicluding a soluble polysaccharide and thereafter 
mechanically foaming the solution. 

2. A method as claimed in claim 1, wherein the foam is 
produced by beating or otherwise mechanically agitating 
tue material to cause the polysaccharide solution to 
foam. 



3. A method as claimed in claim l or claim 2, wherein 
the relative violence and/or period of the agitation or 
mechanical action is used to provide control over the 
foam pore size. 

4. A nethod as clai^ned in clai« 1, claim 2 or claijn 3, 
Wherein the foam pore aire is controlled in the range 5 
- 500 u. 
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5. A jnethod as claimed JLn axxy proceeding claim wherein 
the polysaccharide is selected fron a soluble 
polysaccharide salt, a soluble alginate, a soluble 
hyaluroriate, alginic acid, hyaluronic acid, 
carrageenans, chitosan, starch, anylose and 
amylopectin. 

6. A method as claimed in any preceding claim wherein 
the polysaccharide is chitosan foamed in an acidic 
solution. 

7. A method as claimed in claim fi wherein the acid is 
removed or neutralised after foaming. 

8. A method as claimed in claim 6 or claim 7 herein 
the acid iB removed by volatilisation - 

9. A method as claimed in clai« 8 wherein the acid is 
acetic acid. 

10. A method as clai^ in any of claims 1 to 5 wherein 
the polysaccharide is starch, amylose or a«ylopectin 
foamed in a basic solution. 
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XI. A mathod as claimad ±n. any preceding cl&lia vhacaLa 
a foaming agent: Is It&cluded In the aqueous solutiion co 
assist in foaming -the solution. 

12. A method as claimed 1a claim 11 wherein the foaming 
agent Is a surfactant. 

13. A mathod as claimed in claim 12 wherein the 
surfactant is an ionic or non'>ionic surfactant. 

14. A method as claimed in claim 11, Claim 12 or Claim 
13 wherein the foaming agent is selected frcm sodium 
stearate, sodixan dodecyl sulfate, alpha olefin 
sulfonates ( ccanmercially avaoiable under the trade name 
-Siponate 301-10"), salfoalleyl amide, memocarbojcyl 
coco iaaidaroline compounds, dicarboxyl coco 
imidazoline compounds, sulfated fatty polyojcyethylene 
guateraxy nitrogen counpounds, octylpheaol ethosQrlate 
(coramercially available from Rohm & Baas tmder the 
trade name TRITON X-100), modified linear aliphatic 
polyethers and sorbitan esters. 
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15. A method as claimed in any preceding claim wherein 
a plasticlzer is included in the aqueous soluticm. 

16. A method as claimed in claim 15 wherein the 
Plasticizer is selected from glycerol, glucose, 
polyhydric alcohols, triethanolaalne and stearatea. 

17. A method as claimed in any preceding claim wherein 
an oligomeric or polymeric f o«n m«Jifier is included ist 
the aqueous solution. 

18. A method as claimed in Claim 17 wherein said foam 
modifier is selected from polyethylene glycol, guar gum 
albumin, gelatin, carboxymBthyl cellulose, hydro^ethyl 
cellulose, hydroxypropyl cellulose, polyacrylamide, 
Poly^cxylie acid, polyvinyl alcohol, polyvinyl 
Eyrrolidone, polyoxazoline and polyethyeneiaine. 

19. A method as claimed in Claim 17 or Clai^ 13 wherein 
i^he foam modifier is polyethylene glycol functionalised 
with Vinyl groups, and the foam is irradiated to cause 
or allow polymerisation of the functionalised ^ 
polyethylene glyeol to- form a polymer network i. the 
foam. 
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20. A method as claiioeci ±n any preceding claim wherein 
*bhe aqueous solution of polysaccharide Incliides a foaxn 
stabilizer ro srablllze i:he resultant foam, 

21 . A msthod as claimed In Claim 20 wherein t;he foam 
srabllxzer Is selected frOm aioaaonxum scearace, dodecyl 
alcohol , t^etsadecanol , hexadecanol , 
tsridecylcu^lyethanol and polyo3cyec}Qrlat:ed 
oleylamine. 

22. A metJiod aB claimed in Claim 20 or Claim 21 wherein 
the polysacchazride foam, including £oam stabilizer, x« 
air dried after fazsnation. 

23. A method as claimed in any poceceding claim, wherein 
the resultant foam is cross-linked or coagulated to 
form a dimensionally stable foam. 

24. A method as claixaed in Claim 23 v^erein the 
polysaccharide is selected from alginic acid, 
hyaluronic acid, a soluble alginate salt, a soluble 
lyaluronate salt and other soluble polysaccharides 
containing exchangeable counter-cations, and the 
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cross-liftkijig is effected by reacting the foamed 
polysaccharide with di- or tri-valent cations. 

25. A method as claijned in claim 24 wherein the 
polysaccharide foam is immersed in or sprayed with a 
solution of said di- or tri-valent cations. 

26. A method as claimed in daia 24 wherein an 
insoluble carbonate or hydrogen carbonate salt having 
one or more di- or tri-valent cations is homogeneously 
dispersed in the foamed polysaccharide, and the foam is 
subsequently treated with a strong acid thereby to 
liberate carbon dioxide as a gas and the cations which 
then cross-lin)c with the polysaccharide . 

27. A method as claimed in Claim 26 wherein the strong 
acid has a concentration ^up to in, typically o.l 
0.2N. 

28. A method as claimed in Claim 26 or 27 wherein 
calcium carbonate is used as an i^luble carbonate 
salt. 
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29. A matJiod as claimed ±n any of ma<«»€^ 24 ro 28 
wherein the cationB axe selected from Ca2-«-(aq), 
Pe2+(aq) and Pa3+(aq). 

* 

30 . A matJiod as claimed In ax^ of f "ta^Ttie 24 tx> 29 
wherein the cross~lln)»d foam is •convexted*' by 
rreatxnent: witih an aqueous solutilon of a roagaxit: having 
solubllising xoono-valent cations so tliat a pro p ortion 
of the cross*linking di- or tri-valents cations iji the 
foam are replaced by the mono-valent cations thereby 
imparting a degree of solubility in the foam* 

31. A method claimed in Clrtlm 30 wherein the reagent is 
selected froro sodium acetate and dilute hydzrochloric 
acid . 

32 . A method as claimed in Claim 30 or claim 31 ^^rein 
the treatment is performed at a p« in the range 4 -7. 

33. A method as claimed in Claim 23 ^i^rein the 
polysaccharide is chitosan, and the chitosan foam is * 
coagulated by a treatment with base. 
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34. A jaethod as claiaed in Claim 33 wherein said base 
is sodiixm hydroxide solu^on. 

35. A method as ciaiined in Claim 23 wherein the 
polysacchaizide is chitosan, and the chitosan foajn is 
cross-linked by ionic bonding by treatment with an 
aqueous solution of polyvalent anions. 

36. A method as claimed in Claim 35 wherein one or 
more of sodium sulfate, octyl sulfate, lauryl sulfate, 
h^decylsulfate, tripolyphosphate, pyrophospate and 
octapolyi*o3pai.e are used «s a source of polyvalent 

anions • 

37. A method as claimed in Claim 23 vrtxerein the 
polysaccharide is chitosan, and the chitosan foam is 
cro3s-lin)ced by covalent bonding by treatment with a 

38. A method as claimed in Claim 37 wherein said 
dialdehyde is selected from glyoxal, glutaraldehyde and 
dialdehyde starch. 
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39. A method ae claimad in Claim 23 **hereiii the 
polysaccharide is starch, and the starch foam is 
coagulated by treatment vd.th aqueous ammonium 
sulfate. 

40. A method as claimed in Claim 23 whora the 
polysaccharide is starch, and the starch foam is 
cross-linked tjy treatment vriLth formaldehyde. 

41 . A method as claimed in Claijii 40, wherein said 
treatment is porformsd in the liquid or qaseous 
phase. 

42. A method as claimed in Claim 40 or Claim 41 wherein 
said treatment is performed in an alcohol solvent. 

43. A method as claimed in any of claims 23 to 42 
wherein the cross-linked or coagulated polysaccharide 
foam is dried in air. 

44. A method as claimed in Claim 43 **erein the dry, 
cross-linked or coagulated foam is washed with water 
and then redried. 
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45. A^ethod - ^-i«ed in «ny p^ececU.^ clal» Wherein 
the aqueous Bolut:ion of polysaccharide furt:her 
comprises one or ingr«iients select ' trc^ 

particulate fillers, bariun. 3ulf«i:., ^^^^ 
Of cellulose or other fibrous »ai:erials, and n^isture 
retaining or reinforcing filler materials. 

46. A method as clairaed in anv r>r-».-»^< 

™ea xn any preceding claijn wherein 

the foam is bleached. 

47. A method as claimed in 

«™a in ciain 46 vrtierein the bleach 
AS included in *-Ha 

the aqueous solution of 

polysaccharide, 
sodium hypochlorite. 

49. A method as claimed in amr preceding ^i - 

preceding claim wherein 
the foam, when wet, is cast « « -i 

, * ^«yer or as a shaped 

article . *^ 
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50. A method as claijneci in Claia 49 wherein the foam is 
cast in the form of buttons, beeute, balls, cylinders or 
hemispheres or in the shape of a part of a human or 
animal body. 

51. A method as <slaijded in Claim 49 ^rfierein the foam is 
cast as a layer on substrate. 

52. A method as claimed in Claim 51 wherein the 
substrate is a woven or non-woven fibrous article, a 
film, a foam or another layer of polysaccharide. 

53. A method as claims! in Claim 52 wherein tJie other- 
layer of polysaccharide foam has a different mean pore 
Size and/or pore size distribution frcn the first 
mentioned foam cast thereon. 

54. A method as claimed in aiqr preceding claim wherein 
tJie foam is cast as a thin foam layer having a 
thickness of up to about 1 ana. 

55. A method as claimed in any of claims 1 - 53 wherein 
the foam is cast as a thick foam layer having a 
thickness of to about 5 cm. 
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56. A 



method Claimed in Claiaa 55 therein t:he thick 
foa» layer has an interiorlayer of -collapsed- . ,oa» 
and the foam xoaterial juxtaposed the surface of the 
foam is .not significantly collapsed. 

57. A »ethod as clai^ in any preceding clai» herein 
a beneficial agent fomoxlation is included in the 
aqueous solutiOT* 

the foam is spcavsd viitli ™ ■ 

praywl with or iimiBEsed ia a solution 

confining a beneficial agmt fonmlation. 

S». A «th=d as elai^d i. clai:. s, or Clai. 58 therein 
">e beneficial a^onr f or«latio„ i, i„ .olid 
Particulate ^ ^ ^ 

stzTucture of the foam. 

A ^ as clai™. i. exai„ „ „ ^^^^ 

t - ^-eficial agent an. a 

Phar„»=eutically acceptable e«:iple„t th«e£or. 
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61. A metiiod as claizned In azrf o£ Claiins 1 56 %diereiji 
living cells capable of pxad uclng a beneficial agan^ 
f ornnilatilon are dispersed in the structure of the 
foam* 

62. A polysaccharide foam produced in accordance with a 
method as claimed, in any of Claims 1-56. 

63 . A wound dressing cosi^ising a polysaccharide foam 
as cleLimed in Claiin 62* 

64.. A cell culture replicating medium coec^prising a 
polysaccharide foam as clffimpyf in Claim 62. 

65. A cell culture replicating medium as claimed In 
rinlm 64 having cells to be replicated disposed in t:he 
pores of the foam» 

66. A cell culture repi iCft ting medium as claimed in 
Claim 64 or claim 65 wherein the cell culture 
replicating mediiTm constitutes an ijiplant. 
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67. A barrier medium for preventing tissue adherence 
con^'rising a polysaccharide foam afi claimed in claim 



62. 



68. A delivery device for deliverying a beneficial 
agent to an environment of use, vAerein said delivery 
device con?«:i8es a foam produced in accordance with a 
method as cletimed in any of Claims 57 - 61. 

69. A delivery device as claimed in Claim 68 wherein 
the beneficial agent formulation can be delivered 
transdermally. 

70. A polysaccharide foam, wound dressing, cell culture 
replicating medium, barrier medium or delivery device 
«s claimed in any of Claims 62 - 69 including a «et 
foam, wherein the «et foam is stored under pressure. 

71. A polysaccharide foam, «ound dressing, cell culture 
replicating medium, barrier medium or delivery device 
as claimed in Claim 70 wherein the wet foam is stored 
in a pressurised dispenser. 
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72. A polyBaccharlda foam, ,«und dressing, cell culture 
replicating medium, barri« n«lLum or delivery device 
as Claimed in Claim 7i therein said pressurised 
dispenser is a spray can. 

73. A polysaccharide foam, ^und dressing, cell culture 
replicating medium, barrier »edi»„ or delivery device 
as claimed in any of Claims 70 - 72 wherein the wet 
foam is incorporated with a propellant. 

74. A polysaccharide foam, wound dressing, cell culture 
replicating medium, barrier medium or delivery device 
« claimed i„ claim 73 wherein the propellant is 
selected from a gaseous lower allcane propellant, 
nitrogen and carbon dioxide. 
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